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(57) ABSTRACT

A pest deterrent apparatus that uses a rotating mirror to paint
a beam of sunlight onto a predetermined area of interest. The
beam of sunlight being reflected onto the area of interest
deters birds and other pests from landing or gathering 1n the
area of interest. A global navigation satellite system (GINSS)
device and a compass are used to determine the position of the
sun with respect to the mirror. A pattern generator computes
the movement of the mirror required to paint the predeter-
mined area of interest with the beam of sunlight. The move-
ment of the mirror 1s adjusted as the sun moves across the sky
such that the predetermined area of interest continues to be
covered with the beam of sunlight as the sun moves across the

sky.
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PEST DETERRENT APPARATUS AND
METHOD

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

This application claims priority to U.S. Patent Application
No. 62/031,541, filed Jul. 31, 2014 entitled “Bird Deterrent

Apparatus”, which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Technical Field

This invention relates to devices for deterring pests, such as
birds, from gathering 1n a designated area of interest, more
specifically, to a device which uses a mirror to reflect a beam
of sunlight onto the designated area, and a global navigation
satellite system for guiding the motion of the mirror.

2. State of the Art

Pests can do a tremendous amount of damage to crops,
buildings, homes and parks. Keeping pests, such as birds,
from landing on crop areas 1s a continuous job for farmers and
gardeners. Homeowners, parks, and building owners also
continue to seek elfective methods to deter birds and other
pests from gathering in particular areas of interest. Devices
which randomly reflect sunlight tend to do a fair job of scaring,
birds from around the device. But they lack the ability to
direct the reflected sunlight to a specific area, while blocking
the sunlight from being directed to another area where the
sunlight 1s not wanted.

Accordingly, what 1s needed 1s a device that can continu-
ously paint an area of interest with a moving beam of sunlight
to keep pests such as birds from gathering or landing in the
area of interest. What 1s also needed 1s the ability to block the
sunlight from hitting a predetermined dark area that should
not recerve the beam of sunlight.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an embodiment of a pest deterrent apparatus;

FI1G. 2 shows a simplified block diagram of the pest deter-
rent apparatus of FIG. 1;

FIG. 3 shows a front perspective view of a pest deterrent
apparatus;

FI1G. 4 shows a side view of the pest deterrent apparatus of
FIG. 3;

FIG. 5 a top view of the pest deterrent apparatus of FIG. 3;

FIG. 6 shows a simplified block diagram of the pest deter-
rent apparatus of FIG. 3;

FIG. 7 shows a simplified block diagram of an elevation
motor controller;

FIG. 8 shows a simplified top perspective view of the pest
deterrent apparatus of FIG. 3;

FI1G. 9 1llustrates a method of preventing birds from land-
ing in a predetermined area of interest.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

As discussed above, embodiments of the present invention
relate to devices and methods to deter pests from landing in a
particular area of interest. Described 1s a pest deterrent appa-
ratus which includes one or more moving mirrors that retlect
a beam of sunlight onto a predetermined area of interest. The
moving beam of sunlight 1s painted onto (lands on, 1s reflected
onto) the predetermined area of interest by the moving mir-
rors. The sunlight frightens and startles birds, keeping them
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2

from landing 1n the predetermined area of mterest. The pest
deterrent apparatus includes a global navigation satellite sys-
tem (GNSS) device and a compass, which allows the pest
deterrent apparatus to determine 1ts location on the earth, 1ts
position relative to the sun, the position of the sun relative to
the mirrors, and the orientation of the mirrors relative to the

area of interest. The pest deterrent apparatus may also include
an accelerometer mounted on or near each mirror, which
provides information on the attitude or orientation of each
mirror. Information from the GNSS device and the compass 1s
used by a processor to calculate the orientation and motion of
the mirrors required to paint the beam of sunlight on the area
of interest, and to keep the area of interest painted with the
beam of sunlight as the sun moves across the sky.

The pest deterrent apparatus may also prevent sunlight
from being painted onto a predetermined dark area. The pro-
cessor uses the location of the predetermined dark area to
control the motion of the mirrors such that the beam of sun-
light 1s blocked from being painted on the predetermined dark
arca. The pest deterrent apparatus may move the mirror or
mirrors such that the sunlight 1s directed to a predetermined
blanking area instead of allowing the beam of sunlight to
travel through the predetermined dark area. This allows a user
of the pest deterrent device to block sunlight from being
painted on (falling onto, landing on) a predetermined dark
areca which should not receive the bright beams of sunlight.
Predetermined dark areas often include buildings, people,
homes, or other 1tems which should not receive the beam of
sunlight.

Because sunlight 1s used as the light source, the pest deter-
rent apparatus can be low power. The pest deterrent apparatus
can use solar panels to power the processor, the GNSS device,
and the mirror motion controllers.

The pest deterrent apparatus can be mobile. A mobile pest
deterrent apparatus can be placed 1n any location in or around
the predetermined area of interest, and moved from one pre-
determined area of interest to another. The pest deterrent
apparatus will determine 1ts own location on the earth, where
the sun 1s 1n relation to the mirrors, and how to move the
mirrors to paint the predetermined area of interest with the
beam of sunlight, while blocking the predetermined dark area
from recetving the beam of sunlight.

Keeping pests such as birds from crops and other areas has
been a perpetual task for mankind. Birds and other pests can
do substantial damage to growing crops, stored crops, homes,
stores and other buildings, for example. Pests eat crops, con-
tribute to the infestation of 1nsects 1 homes and buildings,
and damage structures, land, and water areas with bird and
insect droppings. The well-known scarecrow can work 1n
some situations to keep birds away. But birds get used to any
object that does not move periodically, such as a scarecrow.
Thus, scarecrows lose their effectiveness at scaring away
birds after some time. Birds, rabbits, and some insects are
startled by movement and reflections oif bright objects, or
certain sounds. Moving objects are used to scare birds, and 1n
particular moving objects which reflect light. Bright moving
lights tend to startle birds and make them fly away. Objects
which reflect light randomly have become popular. However,
with all of these devices already 1n use, 1t 1s not possible to
tailor the boundaries of the area that they deter birds from.
Noise-making devices have been used to keep birds and
insects away, but their noises can be annoying to people as
well as birds, and again, 1t 1s difficult to tailor the area from
which the pests are frightened. What 1s needed 1s a device that
can direct light to a specific predetermined area and continu-
ously paint the area with light, scaring birds and other pests
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away. It 1s also desirable to have a device that 1s capable of
preventing the light from reaching a dark area that should not
receive the reflected sunlight.

FIG. 1 and FIG. 2 show details of an embodiment of a pest
deterrent apparatus 110. FIG. 1 shows a simplified diagram of
the operation of pest deterrent apparatus 110. FIG. 2 shows a
simplified block diagram of pest deterrent apparatus 110 of
FIG. 1. Pest deterrent apparatus 110 of FIG. 1 includes a
mirror 132. Mirror 132 moves 1n at least two axes of rotation.
In this embodiment mirror 132 moves 1n an azimuthal axis of
rotation (t1lt) 105 and an elevational axis of rotation 106 to
paint a beam of sunlight 116 from sun 102 onto a predeter-
mined area of interest 120. Birds 108 are startled by beam of
sunlight 116, so that they do not land or gather 1n a predeter-
mined area of interest 120. Beam of sunlight 116 can be
painted onto predetermined area of interest 120 1n many
different patterns. In this embodiment, beam of sunlight 116
1s painted onto predetermined area of interest 120 1n a pattern
117.

In the embodiment shown 1n FIG. 1, pest deterrent appa-
ratus 110 1s used as a bird deterrent apparatus to deter birds
108, but it 1s to be understood that pest deterrent apparatus
110 can be used to deter any pests, such as animals, 1nsects,
people, or other pests, from gathering or landing 1n predeter-
mined area of interest 120.

Mirror 132 1n the embodiment shown in FIG. 1 rotates
(moves) 1n two axes of rotation to paint beam of sunlight 116
onto predetermined area of interest 120. This two axis rota-
tion of mirror 132 1s an example only, and 1t 1s to be under-
stood that mirror 132 can be made to move 1n many different
axes, rotational movement, or other types of movement which
can paint, using raster movement or vector movement, for
example, beam of sunlight 116 onto predetermined are of
interest 120. Pattern 117 can be any type of pattern that paints
predetermined area of interest with beam of sunlight 116.
“Paint” and “painting” 1n this document are used to describe
beam of sunlight 116 falling on and moving within a prede-
termined area of interest such that, over time, beam of sun-
light 116 touches most or all of the predetermined area of
interest with beam of sunlight 116. Beam of sunlight 116 1s
painted onto predetermined area of interest 120 so that a pest
anywhere within predetermined area of interest 120 1s fright-
ened or startled and moves outside of predetermined area of
interest 120. “Painting” beam of sunlight 116 onto predeter-
mined area of interest 120 means retlecting beam of sunlight
116 onto predetermined area of interest 120, for example, and
also covering predetermined area of interests 120 with mov-
ing beam of sunlight 116. The movement of beam of sunlight
116 ensures that pests 1n all regions within predetermined
area of interest 120 are deterred, and yet pest deterrent appa-
ratus 110 does not move beam of sunlight 116 outside of
predetermined area of interest, so that the area within which
pests are deterred 1s controlled and contained by pest deter-
rent apparatus 110.

Predetermined area of interest 120 1s bounded by a perim-
cter 125, which can be defined by GNSS coordinates, for
example. Predetermined area of interest 120 can be any area
within which 1t 1s desirable to deter pests, insects, or birds
from landing or gathering. Predetermined area of interest 120
can be a field of crops, homes, buildings, areas of stored
crops, lawns, gardens, parks, or any other area where birds are
not wanted. Predetermined area of interest 120 can be a pre-
determined area of the earth. Predetermined area of interest
120 can be any size, shape location, or geometry. Perimeter
125 can be any size, shape or geometry. The specific geom-
etries shown 1n this document are examples only. In some
embodiments predetermined area of interest 120 includes
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4

more than one continuous area, see for instance, FI1G. 9 and 1ts
description. Predetermined area of interest 120 can be an area
of the earth, and area 1n the sky, an area of a building, or any
other predetermined area on or in the earth.

FIG. 1 does not show the details of the mirror mount or
rotational mechanisms of mirror 132, 1n order to simplify the
drawing. Any type of mirror mount and movement mecha-
nisms can be used, as 1s known 1n the art now or 1n the future.
Details of a specific mirror rotation and mount mechanism are
described below 1n relation to pest deterrent apparatus 310, as
an example of the type of mechanical system that can be used
to move mirrors of a pest deterrent apparatus.

The movement of mirror 132 1s adjusted over time and as
the sun 102 moves 1n a path 113 across the sky. The movement
of mirror 132 1s adjusted such that beam of sunlight 116
continues to paint pattern 117 on predetermined area of inter-
est 120 as sun 102 moves. The movement of mirror 132
repeatedly paints beam of sunlight 116 on predetermined area
of mterest 120, and does not let beam of sunlight 116 to be
painted outside of area of interest 120, even as sun 102 moves
across the sky. Mirror 132 moves such that beam of sunlight
116 paints predetermined are of interest repeatedly 1n a period
of time that does not let pests get comiortable 1n predeter-
mined area of interest 120. In some embodiments, mirror 132
paints beam of sunlight 116 on the complete predetermined
area ol interest 120 once every second. In some embodiments,
mirror 132 paints beam of sunlight 116 on the complete
predetermined area of interest 120 several times every sec-
ond. In some embodiments, mirror 132 paints beam ol sun-
light 116 on the complete predetermined area of interest 120
once every minute. The timing of the painting of beam of
sunlight 116 onto predetermined are of interest 1s determined
by the type and habits o the particular pests being deterred. In
some embodiments, 1t may only be necessary to paint beam of
sunlight 116 onto predetermined area of interest 120 every
few minutes or hours. In some embodiments, 1t may be nec-
essary to paint beam of sunlight 116 onto predetermined area
of interest 120 repeatedly every second, in order to deter a
specific type of pests.

FIG. 2 shows a simplified block diagram of pest deterrent
apparatus 110 of FIG. 1. Pest deterrent apparatus 110
includes a pattern generator 186, a mirror assembly 130, and
a power source 195. Mirror assembly 130 includes mirror 132
and the electronics and mirror mounts that hold and move
mirror 132. Power source 195 provides power to both pattern
generator 186 and mirror assembly 130.

Pattern generator 186 1s the electronics that computes the
position of sun 102 1n 1ts path 113, the location of pest deter-
rent apparatus 110 on the earth, the position of predetermined
area ol 1nterest 120 with respect to pest deterrent apparatus
110, and the movement of mirror 132 required to paint beam
of sunlight 116 into predetermined area of interest 120. Pat-
tern generator 186 receirves a magnetic North signal N from a
compass 152 coupled to mirror assembly 130, and an accel-
crometer signal A from an accelerometer 158 coupled to
mirror assembly 130. Magnetic North signal N 1s labeled 153
in the drawings. Accelerometer signal A 1s labeled 159 1n the
drawings. Magnetic North signal 153 and accelerometer sig-
nal 159 are used to help determine the location and attitude of
mirror 132 and pest deterrent apparatus 110 with respect to
sun 102 and predetermined area of interest 120. Pattern gen-
crator 186 receives magnetic North signal 153 from compass
152, and accelerometer signal 159 from accelerometer 1358,
and sends an azimuth signal AZ and an elevation signal EL to
mirror assembly 130 in response. Azimuth signal AZ 1s
labeled 192 1n the drawings. Elevation signal EL 1s labeled
194 in the drawings. Azimuth signal 192 and elevation signal
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194 provide mirror assembly 130 the mirror movements 1n
azimuth axis of rotation 105 and elevation axis of rotation 106
required to paint beam of sunlight 116 onto predetermined
area of interest 120.

Pattern generator 186 includes a sun position calculator
112, a GNSS device 118, and a control signal generator 188.
Sun position calculator 112 outputs a sun position signal 114.

Sun position calculator 112 1s an electronic circuit that
determines the position of sun 102 1n 1ts path 113, and pro-
vides sun position signal P, »,to control signal generator 188.
Sun position signal P, ., 1s labeled 114 1n the drawings. Sun
position calculator 112 1n this embodiment includes a proces-
sor. Sun position calculator 112 uses location signal 150 from
GNSS device 118, and the time, to determine the azimuth and
clevation position of the sun. This information 1s sent as sun
position signal 114 to control signal generator 188. In some
embodiments, sun position calculator 112 uses other devices
or methods to determine the position of sun 102 1n the sky.
Pattern generator 186 causes mirror 132 to move such that
beam of sunlight 116 reflected ofl mirror 132 is painted onto
predetermined area of imnterest 120 1n response to sun position
calculator 112 outputting sun position 114.

Sun position calculator 112 updates sun position 114 peri-
odically so that the movement of mirror 132 1s adjusted to
maintain beam of sunlight 116 in 1ts painted pattern 117 as
sun 102 moves in 1ts path 113 across the sky (see FIG. 1). Sun
position calculator 112 updates sun position 150 periodically,
and pattern generator 186 adjusts the movement of mirror 132
by adjusting azimuth signal 192 and elevation signal 194 such
that mirror 132 paints beam of sunlight 116 onto predeter-
mined area of interest 120 as sun 102 moves across the sky.

GNSS device 118 provides a location signal L to sun posi-
tion calculator 112. Location signal L 1s labeled 150 in the
drawings. Location signal 150 1s the GNSS coordinates (the
GNSS location) of GNSS device 118. Location signal 150
describes the location of GNSS device 118, which can be used
to determine the location of pest deterrent apparatus 110,
mirror 132, and any other elements of pest deterrent apparatus
110 which have known positions relative to GNSS device
118. GNSS device 118 computes location 150 of GNSS

device 118 using signals from GNSS satellites, as 1s known 1n

the art of GNSS devices. GNSS device 118 can be any type of

GNSS device known now or 1n the future, such as a global
positioning system (GPS) device, or a GNSS device that uses
one or more of the other GNSS satellite constellations to
determine location. In this embodiment GNSS device 118 1s
a GPS device and location signal 150 1s the GPS coordinates
of GNSS device 118.

GNSS device 118 provides pest deterrent apparatus 110 the
ability to determine 1ts own location, and the location of the
sun with respect to mirror 132. Pest deterrent apparatus 110
can be moved from one field of crops to another, for example,
and determine for 1tself where 1t 1s located, the position of the
sun relative to itself, and 1ts location relative to predetermined
arca ol interest 120. Pest deterrent apparatus 110 will use
GNSS device 118 to determine where pest deterrent appara-
tus 110 1s located, and calibrate the movement of mirror 132
based on location 150. GNSS device 118 increases the intel-
ligence, flexibility, and accuracy of pest deterrent apparatus
110 relative to bird and pest deterrent devices which do not
have GNSS devices.

In some embodiments, pest deterrent apparatus 110
includes more than one GNSS device 118. Multiple GNSS

devices can be used to determine the attitude of one or more
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some embodiments GNSS device 118 i1s not located in the
same location as mirror 132. In these embodiments, the ori-
entation of mirror 132 with respect to GNSS device 118 1s
generally known and defined by the geometry of pest deter-
rent apparatus 110. The location of mirror 132, and any other
part or element of pest deterrent apparatus 110, can be com-
puted based on the location 150 of GNSS device 118 and the
known geometry of pest deterrent apparatus 110.

In some embodiments, pest deterrent apparatus 110 does
not include GNSS device 118. In some embodiments the
location of pest deterrent apparatus 110 can be programmed
into sun position sensor 112, for example, or other elements
ol pattern generator 186. The key locations can be entered
into mirror controller 134 and/or sun position sensor 112
when and 11 GNSS device 118 1s not available or not used.
However, having GNSS device 118 be an element of pest
deterrent apparatus 110 makes pest deterrent apparatus 110
more tlexible and smarter at determining 1ts own location and
how to program the movement of mirror 132.

Control signal generator 188 1s electrically coupled to mir-
ror assembly 130 and sun position calculator 112. Control
signal generator 188 uses sun position signal 114, magnetic
North signal 153 from compass 152, and attitude signal 159
from accelerometer 138 to compute azimuth signal 192 and
clevation signal 194. Azimuth signal 192 and elevation signal
194 provide the azimuthal and elevational rotation instruc-
tions for mirror 132 to paint beam of sunlight 116 onto pre-
determined area of interest 120. Azimuth signal 192 and
clevation signal 194 are output from control signal generator
188 of pattern generator 186 and conducted to mirror assem-
bly 130. Control signal generator 188 causes mirror 132 to
move such that beam of sunlight 116 reflected off mirror 132
1s painted onto predetermined are of interest 120, by provid-
ing azimuth signal 192 and elevation signal 194 to mirror
assembly 130, and specifically to a mirror motion controller
134 of mirror assembly 130.

Pest deterrent apparatus 110 includes mirror assembly 130,
which includes mirror 132. Mirror assembly 130 1s shown 1n
block diagram form 1n FIG. 2. Mirror assembly 130 includes
mirror 132, a mirror mount 136, a mirror motor 172, a mirror
motion controller 134, compass 152, and accelerometer 158.
Mirror 132 1s mechanically coupled to mirror motor 172
using mirror mount 136. Mirror motor 172 rotates mirror
mount 136 and mirror 132 1n response to receiving a mirror
motion signal 178 from mirror motion controller 134.

Mirror motion controller 134 1s mechanically coupled to
mirror assembly 130. Mirror motion controller 134 1n this
embodiment 1s an electronic circuit board that includes the
clectronics for driving mirror motor 172. Mirror motion con-
troller 134 1n this embodiment includes compass 152 and
accelerometer 158. Compass 1352 determines magnetic
North, and sends magnetic North signal 133 to pattern gen-
erator 186 as discussed above. Accelerometer 158 determines
the orientation of mirror motion controller 134 mounted to
mirror assembly 130, and sends this information as attitude
signal 159 to pattern generator 186.

Mirror motion controller 134 recerves azimuth signal 192
and elevation signal 194 from pattern generator 186, and
outputs mirror motion signal M 1n response. Mirror motion
signal M 1s labeled 178 in the figures. Mirror motion signal
178 includes the commands sent to mirror motor 172 to move
mirror mount 136 and mirror 132 such that beam of sunlight
116 (FIG. 1) 1s retlected off of mirror 132 and painted onto
predetermined area of interest 120. Mirror motor 172 1s elec-
trically coupled to mirror motion controller 134, and
mechanically coupled to mirror 132 with mirror mount 136.
Mirror motor 172 converts the electrical mirror motion sig-
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nals 178 into mechanical rotation motion of mirror 132. Mir-
ror motion controller 134, mirror motor 172, and mirror
mount 136 rotate mirror 132, which rotation paints beam of
sunlight 116 onto predetermined area of interest 120, 1n
response to mirror controller 134 recerving azimuth signal
192 and elevation signal 194 from pattern generator 186.

Mirror 132 1s rotated 1n at least two axes, as shown 1n FIG.
1. Mirror 132 in this embodiment 1s rotated about a first axis
of rotation 105 and a second axis of rotation 106. In this
embodiment, first axis of rotation 105 1s an azimuthal rota-
tion, and second axis of rotation 106 1s an elevational rotation,
but this 1s not meant to be limiting. The controlled motion of
mirror 132 1n azimuthal axis of rotation 105 and elevational
axis of rotation 106 allows mirror 132 to paint beam of sun-
light 116 1n any pattern onto predetermined area of interest
120. The repeated controlled painting of beam of sunlight 116
onto predetermined area of interest 120 keeps birds 108, or
other pests, irom landing or gathering in predetermined area
of mterest 120, and prevents damage from birds 108 to pre-
determined area of interest 120. In this embodiment, mirror
132 paints beam of sunlight 116 onto predetermined area of
interest 120 i pattern 117. It 1s to be understood that beam of
sunlight 116 can be painted onto predetermined area 120 1n
any pattern, and that the pattern can change over time. The
pattern 117 that beam of sunlight 116 paints onto predeter-
mined area of interest 120 1s chosen based on the size and
shape of predetermined area of interest 120, and where beam
of sunlight 116 will be most effective at keeping away birds or
other pests.

In some embodiments, pest deterrent apparatus 110
includes more than one mirror. See, for example, pest deter-
rent apparatus 310 shown in FIG. 3 through FIG. 8 and
described 1n the accompanying text. Pest deterrent apparatus
110 can include one or more than one mirror, each of which
reflects a beam of sunlight off a particular mirror onto a
predetermined area of interest. In some embodiments, each
mirror retlects a unique beam of sunlight onto a unique pre-
determined area of interest. In some embodiments, one or
more mirrors cooperate to paint a beam of sunlight onto the
same predetermined area of interest.

In some embodiments, pest deterrent apparatus 110 con-
tinuously paints beam of sunlight 116 onto area of interest
120 from sunrise to sunset. In other embodiments, pest deter-
rent apparatus 110 paints beam of sunlight 116 onto area of
interest 120 for a preprogrammed period of time. In some
embodiments, pattern generator 188 1s programmed with the
GNSS coordinates of perimeter 125 of area of interest 120,
which helps mirror motion controller 134 paint beam of sun-
light 116 accurately and repeatedly onto area of interest 120.
In some embodiments, pattern generator 186 learns perimeter
120 by an individual manually moving mirror 132 to paint
beam of sunlight 116 along perimeter 120.

Sun position calculator 112 updates sun position signal 114
periodically, and control signal generator 188 adjusts the
movement of mirror assembly 130 and mirror 132 accord-
ingly, to account for the movement of sun 102 1n 1ts path 113
across the sky.

It 1s to be understood that pest deterrent apparatus 110 can
be used with light sources other than sun 102. Using sun 102
as a light source 1s convenient and low-power, but 1n some
applications 1t may be desirable to use a different light source.
Pest deterrent apparatus 110 can be programmed to collect
and reflect light from many different light sources. In these
embodiments, sun position calculator 112 1s replaced with a
light source position calculator, which can provide the posi-
tion of the light source relative to mirror 132, so that control
signal generator 188 and mirror motion controller 134 can
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direct mirror 132 to collect and reflect light from the light
source onto area of iterest 120 just as i1t does from sun 102.
In some embodiments, the position of the light source 1s given
by a GNSS location. In some embodiments, the light source 1s
a laser. In some embodiments, the light source 1s some other
type of light emitting device. In some embodiments, more
than one light source 1s used.

FIG. 3 through FIG. 8 shows an embodiment of a pest
deterrent apparatus 310. Pest deterrent apparatus 310 1s simi-
lar to pest deterrent apparatus 110 and like numbers are used
to indicate like elements. Pest deterrent apparatus 310 1s used,
in some embodiments, 1n place of pest deterrent apparatus
110 1n the system shown 1n FIG. 1. In an embodiment where
pest deterrent apparatus 310 replaces pest deterrent apparatus
110 of FIG. 1, pest deterrent apparatus 310 1s used as a bird
deterrent apparatus to deter birds 108, but 1t 1s to be under-
stood that pest deterrent apparatus 310 can be used to deter
any pests, such as animals, 1nsects, people, or other pests,
from gathering or landing 1n predetermined area of interest
120.

FIG. 3 shows a front perspective view of pest deterrent
apparatus 310. FIG. 4 shows a side view of pest deterrent
apparatus 310. FIG. 5 shows a top view of pest deterrent
apparatus 310. FIG. 6 shows a simplified block diagram of
pest deterrent apparatus 310 of FIG. 3. FIG. 7 shows a sim-
plified block diagram of a second elevation motor controller
338 of pest deterrent apparatus 310 of FIG. 3. FIG. 8 shows a
simplified drawing of pest deterrent apparatus 310 of FIG. 3
painting beam of sunlight 316 onto a first predetermined area
of mterest 320 and a second predetermined area of interest
326, and shows how mirror 322 directs beam of sunlight 316
into a blanking area 356 to prevent beam of sunlight 316 from
painting a predetermined dark area 360.

Bird deterrent apparatus 310 includes a base unit 323 and a
mirror assembly 330, and two mirrors, a first mirror 321 and
a second mirror 322, see FIG. 3, FIG. 4, FIG. 5, and FIG. 6.

Each mirror 321 and 322 1s moveably coupled to mirror
assembly 330. Each mirror 321 and 322 rotates (tilts) 1n one
axis ol rotation relative to mirror assembly 330. In the
embodiment shown 1n FIG. 3 through FIG. 8, mirrors 321 and
322 rotate 1n the elevational axis of rotation 106 relative to
mirror mount 330, see FIG. 3 and FIG. 4. Mirror assembly
330 1s rotatably coupled to base unit 323 (see FIG. 3 and FIG.
4). Base unit 323 couples bird deterrent apparatus 310 to the
ground, to a trailer, or to another mounting device to hold bird
deterrent apparatus 310 in place.

Mirror assembly 330 rotates 1n the azimuthal axis of rota-
tion 105 with respect to base unit 332, as shown 1n FIG. 5,
which provides the azimuth axis of rotation 105 of mirrors
321 and 322. Each mirror 321 and 322 rotates individually 1n
second axis of rotation 106. Thus, each mirror 321 and 322
rotates 1n the azimuth 105 axis of rotation and the elevation
106 axis of rotation. In the embodiment where pest deterrent
apparatus 310 replaces pest deterrent apparatus 110 as shown
in FIG. 1, each mirror 321 and 322 rotate 1n the azimuthal axis
of rotation 105 and the elevational axis of rotation 106 to paint
beam of sunlight 116 from sun 102 onto predetermined area
of interest 120. Birds 108 are startled by beam of sunlight 116,
so that they do not land or gather in predetermined area of
interest 120.

In the embodiment of pest deterrent apparatus 310 shown
in the figures, axes of rotation 105 and 106 are orthogonal to
cach other, 1n other words, axis of rotation 105 1s perpendicu-
lar to axis of rotation 106. The two-axis rotation of mirrors
321 and 322 is an example only, and 1t 1s to be understood that
mirrors 321 or 322 can be made to move 1n many different
axes, rotational movement, or other types of movement which
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can paint, using raster painting or vector painting, for
example, beam of sunlight 116, for example, onto predeter-
mined are of interest 120. Pattern 117 can be any type of
pattern used to paint predetermined area of interest 120 with
beam of sunlight 116.

Each mirror 321 and 322 can be used individually to paint
beam of sunlight 116 onto predetermined area of interest 120,
or mirrors 321 and 322 can be used cooperatively to paint
beam of sunlight 116 onto predetermined area of interest 120.
In some embodiments, beam of sunlight 116 reflects off of
both mirror 321 and mirror 322 on 1ts path to being painted
onto predetermined area of interest 120. In some embodi-
ments, first mirror 321 1s used to paint a {irst beam of sunlight
onto a first predetermined area of interest, and second mirror
322 1s used to paint a second beam of sunlight onto a second
predetermined area of interest. Mirrors 321 and 322 can be
used 1 any manner to paint any number of beams of sunlight
onto one or more predetermined areas of interest to deter birds
or other pests from landing or gathering on one or more
predetermined areas of interest.

The movement of mirrors 321 and 322, and the rotation of
mirror assembly 330, 1s adjusted over time and as sun 102
moves 1n 1ts path 113 across the sky. For example, in the
embodiment where pest deterrent apparatus 310 1s used 1n
place of pest deterrent apparatus 110 of FIG. 1, the movement
of mirrors 321 and 322 is adjusted such that beam of sunlight
116 continues to paint pattern 117 onto predetermined area of
interest 120 as sun 102 moves. The movement of mirrors 321
and 322 repeatedly paints beam of sunlight 116 onto prede-
termined area of interest 120, and does not let beam of sun-
light 116 be painted outside of area ol interest 120, even as sun
102 moves across the sky. Mirrors 321 and 322 move such
that beam of sunlight 116 paints predetermined area of inter-
est repeatedly 1n a period of time that does not let pests get
comiortable 1n predetermined area of interest 120. In some
embodiments, mirrors 321 and 322 paint beam of sunlight
116 on the complete predetermined area of interest 120 once
every second. In some embodiments, mirrors 321 and 322
paint beam of sunlight 116 on the complete predetermined
arca ol interest 120 several times every second. In some
embodiments, mirrors 321 and 322 paint beam of sunlight
116 on the complete predetermined area of iterest 120 once
every minute. The timing of the painting of beam of sunlight
116 onto predetermined are of interest 1s determined by the
type and habits of the particular pests being deterred. In some
embodiments, 1t may only be necessary to paint beam of
sunlight 116 onto predetermined area of interest 120 every
few minutes or hours. In some embodiments, 1t may be nec-
essary to paint beam of sunlight 116 onto predetermined area
of 1nterest 120 repeatedly every second 1n order to deter a
specific type of pests.

Base unit 323 includes a mounting base 324, and a mount-
ing base electronics unit 382 coupled to mounting base 324.
Mounting base 324 1s the structural support for pest deterrent
apparatus 310. Mounting base 324 sets on the ground,
couples to the ground or another mounting structure, or oth-
erwise holds mirror assembly 330 such that mirror assembly
330 can rotate with respect to mounting base 324 to paint
beam of sunlight 116 onto predetermined area of interest 120,
for example. Mirror assembly 330 rotatably couples to
mounting base 324.

Base electronics umt 382 i1s an electronics enclosure
mechanically mounted to mounting base 324, see FIG. 3 and
FI1G. 4. Base electronics unit 382, encases the electronics that
are located remote from mirror assembly 330. In this embodi-
ment, base electronics unit 382 encases and includes a pattern
generator 386, and a power source 395. Power source 395 1n
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this embodiment 1s batteries, but this 1s not meant to be
limiting. Power source 395 can include solar panels, lead acid
batteries, lithium polymer batteries, or any other power
source suitable for supplying power to base unit electronics
382 and mirror assembly 330.

Pattern generator 386 1s similar to pattern generator 186
described above, except in this embodiment pattern generator
386 outputs two elevation signals, one for each of first mirror
321 and second mirror 322. Pattern generator 386 1s the
clectronics that computes the position of sun 102 1n 1ts path
113, the location of pest deterrent apparatus 310 on the earth,
the position of predetermined area of interest 120 with respect
to pest deterrent apparatus 310, and the movement of mirrors
321 and 322 required to paint a beam of sunlight onto a
predetermined area of interest, such as beam of sunlight 116
and predetermined area of interest 120 as shown in FIG. 1, for
example.

Pattern generator 386 includes sun position calculator 112,
GNSS device 118, and a control signal generator 388 (FIG.
6). Sun position calculator 112 uses location signal 150 from
GNSS device 118, and the time, to determine the azimuth and
clevation position of sun 102, as explained above for pattern
generator 186. This information 1s sent as sun position signal
114 to control signal generator 388. In some embodiments,
sun position calculator 112 uses other devices or methods to
determine the position of sun 102 1n the sky.

GNSS device 118 provides location signal 150 to sun posi-
tion calculator 112, as explained above for pattern generator
186. GNSS device 118 1s included 1n pest deterrent apparatus
110 to provide the location of GNSS device 118, which can be
used to determine the location of pest deterrent apparatus 310,
mirrors 321 and 322, and any other elements of pest deterrent
apparatus 310 which have known positions relative to GINSS
device 118. GNSS device 118 computes location 150 of
GNSS device 118 using signals from GNSS satellites, as 1s
known 1n the art of GNSS devices. GNSS device 118 provides
pest deterrent apparatus 310 the ability to determine 1ts own
location, and the location of sun 102 with respect to mirrors
321 and 322. Pest deterrent apparatus 310 can be moved from
one field of crops to another, for example, and determine for
itseltf where 1t 1s located, the position of sun 102 relative to
itselt, and its location relative to predetermined area of inter-
est 120 or any other predetermined area of interest. Pest
deterrent apparatus 310 will use GNSS device 118 to deter-
mine where pest deterrent apparatus 310 1s located, and cali-
brate the movement of mirrors 321 and 322 based on location
150. GNSS device 118 increases the intelligence, tlexibility,
and accuracy of pest deterrent apparatus 310 relative to bird
and pest deterrent devices which do not have GNSS devices.

In some embodiments, pest deterrent apparatus 310
includes more than one GNSS device 118. Multiple GNSS
devices can be used to determine the attitude of one or more
mirrors, the location of one or more mirrors, the attitude of
pest deterrent apparatus 310, or the location or attitude of any
number of the elements of pest deterrent apparatus 310. In
some embodiments, GNSS device 118 i1s not located 1n the
same location as mirrors 321 and 322. In these embodiments,
the orientation of mirrors 321 and 322 with respect to GNSS
device 118 1s generally known and defined by the geometry of
pest deterrent apparatus 310. The location of mirrors 321 and
322, and any other part or element of pest deterrent apparatus
310, can be computed based on the location 150 of GNSS
device 118 and the known geometry of pest deterrent appa-
ratus 310.

In some embodiments, pest deterrent apparatus 110 does
not include GNSS device 118. In some embodiments the
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location of pest deterrent apparatus 310 can be programmed
into sun position sensor 112, for example, or other elements
ol pattern generator 386.

Pattern generator 386 recetves a magnetic North signal N
from a compass 352 coupled to mirror assembly 330, and an
accelerometer signal A from an accelerometer 338 coupled to
mirror assembly 330. Magnetic North signal N 1s labeled 353
in the drawings. Accelerometer signal A 1s labeled 359 1n the
drawings. Magnetic North signal 353 and accelerometer sig-
nal 359 are used to help determine the location and attitude of
mirrors 321 and 322, and pest deterrent apparatus 310 with
respect to sun 102 and predetermined area of interest 120.
Pattern generator 386 recerves magnetic North signal 353
from compass 352, and accelerometer signal 359 from accel-
crometer 338 coupled to mirror assembly 330, and sends an
azimuth signal AZ, a first mirror elevation signal EL,, and a
second mirror elevation signal EL, to mirror assembly 330 1n
response. Azimuth signal AZ 1s labeled 392 in the drawings.
First elevation signal EL, 1s labeled 393 in the drawings.
Second elevation signal EL, 1s labeled 394 1n the drawings.
Azimuth signal 392 and elevation signals 393 and 394
instruct mirror assembly 330 in the movements 1n azimuth
axis of rotation 103 and elevation axis of rotation 106 required
to paint beam of sunlight 116 onto predetermined area of
interest 120.

Azimuth signal 392, first and second elevation signal 393
and 394, attitude signal 359, magnetic North signal 353, and
power are electrically conducted from pattern generator 386
to mirror assembly 330 via a serial bus 390 (FIG. 6) that runs
through slip ring 389 (FIG. 3 and FI1G. 4). Slip ring 389 allows
mirror assembly 330 to rotate 1n azimuthal axis of rotation
105 with respect to mounting base 324, while conducting the
clectrical signals and power between base umt electronics
382 and mirror assembly 330.

Control signal generator 388 is electrically coupled to mir-
ror assembly 330 and sun position calculator 112. Control
signal generator 388 1s similar to control signal generator 188
described above, except control signal generator 388 outputs
two elevation signals, one for each of mirror 321 and mirror
322. Control signal generator 388 receives sun position 114
from sun position calculator 112, and outputs azimuth signal
392 and first and a second elevation signal 393 and 394 1n
response. Control signal generator 388 uses sun position sig-
nal 114, magnetic North 353 from compass 352, and attitude
359 from accelerometer 358 to compute azimuth signal 392,
first elevation signal 393, and second elevation signal 394.
When pest deterrent apparatus 310 1s used to replace pest
deterrent apparatus 110 1n the embodiment shown 1n FIG. 1,
azimuth signal 392 and first and second elevation signals 393
and 394 provide the azimuthal and elevational rotation
instructions for mirror assembly 330 and mirrors 321 and 322
to paint beam of sunlight 116 onto predetermined area of
interest 120. Control signal generator 388 computes the rota-
tion of mirror assembly 330 1n the azimuthal axis of rotation
105, and 1n the elevational axis of rotation 106 needed to paint
beam of sunlight 116 onto predetermined area of interest 120.
Control signal generator 388 causes mirror assembly 330 and
first and second mirrors 321 and 322 to move such that beam
of sunlight 116 reflected off mirrors 321 and 322 1s painted
onto predetermined area of interest 120.

Sun position calculator 112 updates sun position 114 peri-
odically so that the movement of mirror assembly 330 and
first and second mirrors 321 and 322 can be adjusted to
maintain beam of sunlight 116 in 1ts painted pattern 117 as
sun 102 moves 1n 1ts path 113 across the sky (see FIG. 1). Sun
position calculator 112 updates sun position 150 periodically,
and pattern generator 388 adjusts the movement of mirror
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assembly 330 and first and second mirror 321 and 322 accord-
ingly, by adjusting azimuth signal 192, first elevation signal
393, and second elevation signal 394 such that mirrors 321
and 322 paint beam of sunlight 116 onto predetermined area
of interest 120 as sun 102 moves across the sky.

Mirror assembly 330 includes first and second mirrors 321
and 322, compass 352, accelerometer 358, and the motors and
motion control devices for rotating both mirror assembly 330
and mirrors 321 and 322. Mirror assembly 330 rotates 1n the
azimuthal axis of rotation 105 with respect to base unit 323,
see F1G. 3 and FIG. 5. This azimuthal rotation 105 provides
the azimuthal rotation 105 for both first and second mirror

321 and 322. First mirror 321 and second mirror 322 both

rotate 1n the elevation axis of rotation 106, as shown 1n FIG.
3 and FIG. 4. First and second mirrors 321 and 322 rotate 1n
the elevational axis of rotation 106 independently from one
another, because they are each controlled their own elevation
signal from control signal generator 388. First mirror 321 1s
controlled by first elevation signal 393, and second mirror 322
1s controlled by second elevation signal 394. Using two mir-
rors 321 and 322 provides better mechanical balance to mirror
assembly 330, and also provides for faster painting of beam of
sunlight 116 onto a predetermined area of interest, because
first and second mirror 321 and 322 can work cooperatively.
Having each mirror 321 and 322 rotate in only one axis, 1n this
embodiment the elevation axis of rotation 106, makes pest
deterrent apparatus 310 sturdy and helps maintain positional
accuracy of beam of sunlight 116. Mirror assembly 330 can
rotate more than 360 degrees to provide quick movement in
cach azimuthal direction of rotation.

It 1s to be understood that 1n some embodiments mirror
assembly 330 has one mirror. In some embodiments, the one
mirror rotates or moves 1n more than one axis of rotation. In
some embodiments, mirror assembly 330 includes more than
two mirrors. The number and rotational capabilities of the
mirrors included in mirror assembly 330 1s determined by the
number and size of the predetermined areas of interest to be
painted by beam of sunlight 116, and the size and complexity
of mirror assembly 330.

Mairror assembly 330 includes a mirror motion controller
334 (FI1G. 3 through FIG. 6), which 1s the electronic circuit
board that controls the rotation of mirror assembly 330 and
mirrors 321 and 322. Mirror motion controller 334 also
includes compass 352 and accelerometer 358 (FIG. S5 and
FIG. 6). Mirror motion controller 334 1s electrically coupled
to pattern generator 386 through serial bus 390. Mirror
motion controller 334 recerves azimuth signal 392, first eleva-
tion signal 393 and second elevation signal 394 {rom pattern
generator 386. Mirror motion controller 334 sends attitude
signal 358 and magnetic north signal 353 to pattern generator
386. Compass 358 1s mounted to mirror motion controller
334, and generates magnetic North signal 353. Magnetic
north signal 353 provides the magnetic compass orientation
of mirror motion controller 334 and mirror assembly 330.
Accelerometer 358 i1s coupled to mirror motion controller
334, and generates attitude signal 359. Attitude signal 359
provides the attitude of mirror motion controller 334 and
mirror assembly 330. Magnetic north signal 353 and attitude
signal 359 are used by pattern generator 386 to generate
azimuth signal 392 and first and second elevation signal 393
and 394.

Mirror assembly 330 includes three motors, an azimuth
motor 373 (FIG. 3, FIG. 5, FIG. 6) which moves mirror
assembly 330 1n the azimuth axis of rotation 1035, a first

clevation motor 371 (FIG. 3, FIG. 5, FIG. 6), which moves
mirror 321 in the elevation axis of rotation 106, and a second
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clevation motor 372 (FIG. 3, FIG. 5, FIG. 6, and FIG. 7),
which moves second mirror 322 1n the elevation axis of rota-
tion 106.

Mirror motion controller 334 outputs an azimuth motor
drive signal 366 (FIG. 6). Azimuth motor 373 receives azi-
muth motor drive signal 366 and rotates mirror assembly 330
in the azimuthal axis of rotation 105 in response. Mirror
motion controller 334 outputs a first elevation motor drive
signal 364 (FIG. 6). First elevation motor 371 receives first
clevation motor drive signal 364 and rotates first mirror 321 1n
the elevational axis of rotation 106 in response. Mirror motion
controller 334 outputs a second elevation motor drive signal
365 (FIG. 6 and FIG. 7). Second elevation motor 372 receives
second elevation motor drive signal 365 and rotates second
mirror 322 1n the elevational axis of rotation 106 1n response.

Each of first mirror 321 and second mirror 322 are coupled
to their respective motors 371 and 372 with a mirror holder
347 and a mirror mount 336 (FIG. 3 through FIG. 7). Each
mirror 321 and 322 1s mechanically coupled to a mirror holder
347. Each mirror holder 347 1s mechanically coupled to a
mirror mount 336. Each mirror mount 336 1s rotatably
mechanically coupled to 1ts respective motor 371 and 372.
Each of first and second elevation motor 372 and 372 receives
adrive signal 364 and 3635, and mechanically rotates 1ts mirror
mount 336, which rotates each mirror holder 347, which
rotates each mirror 321 and 322.

Mirror motion controller 334 includes an azimuth motor
controller 337, a first elevation motor controller 339, and a
second elevation motor controller 338. Each of azimuth
motor controller 337, first elevation motor controller 339, and
second elevation motor controller 338 convert the azimuth or
clevation signals received from control signal generator 388
into motor drive signals 364, 365, and 366. Azimuth motor
controller 337 1s electrically coupled to control signal gen-
crator 388 of pattern generator 386, and azimuth motor 373.
Azimuth motor controller 337 receives azimuth signal 392
from control signal generator 388, and outputs azimuth motor
drive signal 366 in response.

First elevation motor controller 339 1s electrically coupled
to control signal generator 388 of pattern generator 386, and
first elevation motor 371. First elevation motor controller 339
receives first azimuth signal 393 from control signal genera-
tor 388, and outputs {irst elevation motor drive signal 364 in
response. Second elevation motor controller 338 1s electri-
cally coupled to control signal generator 338 of pattern gen-
erator 386, and second elevation motor 372. Second elevation
motor controller 338 recerves second elevation signal 394
from control signal generator 388, and outputs second eleva-
tion motor drive signal 363 1n response.

Each elevation motor 371 and 372 1s mechanically coupled
to a motor encoder 375 and 376 (FIG. 3, FIG. 4, and FIG. 7),
which provides positional feedback to motor controllers 338
and 339. FIG. 7 shows a simplified block diagram of second
clevation motor 372 and encoder 376. First elevation motor
3’71 has a similar block diagram, not shown for simplicity. As
shown 1n FIG. 7, second elevation motor controller 338
receives second elevation signal 394 from control signal gen-
crator 388 (FIG. 6). Second elevation motor controller 338
outputs second elevation motor drive signal 365 in response.
Second elevation motor controller 338 includes an elevation
microcontroller 343 and an elevation motor driver 341. Eleva-
tion microcontroller 343 1s electrically coupled to control
signal generator 388 and motor driver 341 as shown in F1G. 7,
and receives second elevation signal 394. Motor driver 341 1s
clectrically coupled to second elevation motor 372 and eleva-
tion microcontroller 343, and provides second elevation drive
signal 365 to second elevation motor 372.

10

15

20

25

30

35

40

45

50

55

60

65

14

Second elevation motor 372 1s rotatably mechanically
coupled to mirror 322 (through mirror mount 336) and to
second elevation encoder 376 (through elevation driver 379).
Second elevation encoder 376 1s rotated by second elevation
motor 372 as second elevation motor 37 rotates mirror 322.
Second elevation encoder 376 provides electrical feedback on
the position of this rotation to encoder input buifer 342, which
in turn passes this input to microcontroller 343. In this way,
second elevation motor controller 338 provides second eleva-
tion motor drive signal 365 to second elevation motor 372,
and recerves positional feedback on the rotation position of
second elevation motor 372 through second elevation encoder
376, which enhances the rotational accuracy of second mirror
322. First elevation mirror 321 1s similarly coupled to first
clevation encoder 375 (FIG. 3 and FIG. 4), and azimuth motor
3773 1s similarly coupled to azimuth encoder 377 (FI1G. 3, FIG.
4, FIG. 5).

FIG. 8 shows how pest deterrent apparatus 310 prevents a
beam of sunlight 316 from being painted onto a predeter-
mined dark area 360. FIG. 8 shows pest deterrent apparatus
310, 1n simplified form, painting beam of sunlight 316 onto
predetermined areas of interest 320 and 326. Many of the
structural elements of pest deterrent apparatus 310 are not
shown m FIG. 8 for simplicity. In this embodiment, first
mirror 321 1s painting two predetermined areas of interest,
first area of interest 320, and second area of interest 326, with
beam of sunlight 316. In FIG. 8, mirror 321 1s shown in three
different positions in its azimuthal rotation 105. Mirror 321 as
shown 1n first position 331, paints area of interest 320 with
beam of sunlight 316. From third position 333, mirror 321
paints area of interest 326 with beam of sunlight 316. When
mirror 321 1s in between first position 331 and third position
333, for example 1 second position 332, mirror 321 prevents
beam of sunlight 116 from being painted onto predetermined
dark area 360. Pest deterrent apparatus 310 can use many
different techniques to prevent beam of sunlight 316 from
being painted onto predetermined dark area 360. In the
embodiment shown 1n FIG. 8, mirror 321 directs beam of
sunlight 316 into blanking area 356 to prevent beam of sun-
light 316 from being painted onto predetermined dark area
360. Control signal generator 388 moves mirror 321 such that
beam of sunlight 116 1s directed to blanking areca 356 as
mirror 321 moves from first position 331 to second position
333, so that beam of sunlight 316 1s prevented from hitting
predetermined dark area 360.

Predetermined dark area 360 may be an area where there
are houses, buildings, people, other animals, or other items
which can be harmed or annoyed by beam of sunlight 316.
Control signal generator 388 of pattern generator 386 1s pro-
grammed to keep predetermined dark area 360 from receiving
beam of sunlight 316. In this embodiment control signal
generator 388 1nstructs first elevation motor controller 339 to
move mirror 321 such that beam of sunlight 316 1s prevented,
or blocked, from painting predetermined dark area 360.

In some embodiments, perimeter 367 of predetermined
dark area 360 1s defined by GNSS coordinates. In some
embodiments, perimeter 327 of predetermined area of inter-
est 320 1s defined by GNSS coordinates. In some embodi-
ments perimeter 328 of predetermined area of interest 326 1s
defined by GNSS coordinates. Pattern generator 386 designs
a pattern 317 to be used for painting beam of sunlight 316,
based on perimeters 327 and 328 of predetermined areas of
interest 320 and 326, which are to recerve beam of sunlight
316, and perimeter 367 of dark area 360, which 1s to be
blocked from recerving beam of sunlight 316. This capability
allows pest deterrent apparatus 310 to be safe and flexible,
painting beam of sunlight 316 where birds are to be deterred,
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and blocking beam of sunlight 316 from entering predeter-
mined dark area 360 where beam of sunlight 316 1s unwanted
or can cause damage.

Predetermined dark area 360 can have any physical or
locational relationship to predetermined area of interest 320
or 326. In some embodiments, predetermined dark area 360 1s
entirely contained within predetermined area of interest 320
or 326. In some embodiments, predetermined dark area 360 1s
entirely outside of predetermined area of interest 320 or 328,
as 1s shown 1n FIG. 8. In some embodiments, predetermined
dark area 360 1s partially contained within one of predeter-
mined area of interest 320 or 326.

It 1s to be understood that predetermined areas of interest
320 and 326, and predetermined dark area 360, can be any
s1ze and shape. In some embodiments, pest deterrent appara-
tus 310 paints beam of sunlight 316 onto more than two
predetermined areas of interest. In some embodiments, pest
deterrent apparatus 310 blocks beam of sunlight 316 from
being painted onto more than one predetermined dark area
360. In some embodiments, pest deterrent apparatus 310 1s
programmed to block any of a plurality of beams of sunlight
from being painted onto one or more predetermined dark
areas.

Pest deterrent apparatus 310 can be moved to any location
near the predetermined areas of interest where pests such as
birds are not wanted. Pattern generator 386 of pest deterrent
apparatus 310 determines the location of mirrors 321 and 322
using location 150 of GNSS device 118, magnetic North
signal 353 from compass 352, and mirror assembly attitude
signal 359 from accelerometer 358. Pattern generator 386 1s
programmed with the location of all of the predetermined
areas of interest which birds are to be deterred from, and the
predetermined dark areas where beams of sunlight are to be
blocked from. Sun position sensor 112 determines the posi-
tion of the sun 102 1n 1ts path 113 across the sky (see FIG. 1

and FIG. 8), and provides sun position P_ 114 to control
signal generator 388. Control signal generator 388 computes
how to move each of mirrors 321 and 322 such that each one
paints one or more of the plurality of beams of sunlight onto
one or more predetermined areas of interest. Control signal
generator 388 determines how to move mirrors 321 and 322
so that none of the plurality of beams of sunlight are painted
onto the predetermined dark areas. Thus, birds and other pests
are kept from landing, gathering, and doing damage to the
predetermined areas of iterest, and the plurality of beams of
sunlight are blocked from being painted onto the plurality of
dark areas.

Having more than one mirror, as shown with pest deterrent
apparatus 310, 1s advantageous because 1t allows the use of
multiple mirrors to be used to paint a particular beam of
sunlight onto a particular predetermined area of interest. In
some positions of the sun, 1t may require retlections ofl two or
more mirrors to get the particular beam of sunlight to the
predetermined area of interest. Control signal generator 388
can, for example, switch from moving one particular mirror to
moving another particular mirror to paint a beam of sunlight,
as sun 102 moves across the sky. In some embodiments,
control signal generator 388 will move two or more mirrors
such that a beam of sunlight reflects off of each of the two or
more mirrors in 1ts path to the predetermined area of interest.

In some uses of pest deterrent apparatus 110 or 310, more
than one pest deterrent apparatus 110 or 310 1s used to relay
one or more beam of sunlight from one location to another.
This can be advantageous when one or more beam of sunlight
need to be delivered to an area of interest that 1s shielded from
the sun, such as behind a hill or building. A particular beam of

sunlight can be relayed from a first pest deterrent apparatus

10

15

20

25

30

35

40

45

50

55

60

65

16

110 or 310, to a second pest deterrent apparatus 110 or 310, to
the predetermined area of interest. In some embodiments
more than two pest deterrent apparatuses 110 or 310 can be
used.

FIG. 9 illustrates a method 400 of deterring birds from
landing 1n a predetermined area. Method 400 includes an act
410 of determining a global navigation satellite system
(GNSS) location of a mirror. Method 400 also includes an act
420 of determining a position of the sun with respect to the
mirror. Method 400 also includes an element 430 of moving
the mirror such that the predetermined area 1s painted with a
beam of sunlight from the sun.

Method 400 can include many other acts. In some embodi-
ments, the predetermined area 1s a predetermined area of
interest. In some embodiments, the predetermined area 1s a
predetermined area of the earth. For example, the predeter-
mined area can be an area on one or more buildings, an area in
the sky, on a boat or another structure. The predetermine area
can be an area of the earth, an area in the earth, an area of
crops, for example but not by way of limitation. In some
embodiments, method 400 includes adjusting the movement
of the mirror in response to a change in the position of the sun.
In some embodiments, method 400 1ncludes repeating the
step of moving the mirror such that the predetermined area of
the earth 1s repeatedly painted with the beam of sunlight from
the sun as the sun moves across the sky. In some embodi-
ments, method 400 includes preventing the mirror from paint-
ing a predetermined dark area with the beam of sunlight. In
some embodiments, method 400 includes switching from
moving the {irst mirror to moving a second mirror 1n response
to a change 1n a position of the sun, wherein the second mirror
paints the area of interest with the beam of sunlight. In some
embodiments, method 400 includes determining the orienta-
tion of the mirror. In some embodiments, method 400
includes mechanically coupling a gyroscope to the mirror. In
some embodiments, method 400 includes mechanically cou-
pling an accelerometer to the mirror. In some embodiments,
method 400 1includes determining the orientation of the mir-
ror based on data from the gyroscope or the accelerometer. In
some embodiments, method 300 includes determining the
GNSS coordinates of a perimeter of the predetermined area.
In some embodiments, method 400 includes determining the
GNSS coordinates of a perimeter of the predetermined dark
area.

Act 410 of determining a GNSS location of a mirror can
include many other elements. In some embodiments, act 410
includes determining the GINSS location of the mirror based
on a GNSS location of a GNSS device.

Act 420 of determining the position of the sun with respect
to the mirror can include many other steps. In some embodi-
ments, element 420 includes determining the position of the
sun with respect to the mirror using compass data. In some
embodiments, element 420 includes determining the position
of the sun with respect to the mirror using compass data and
GNSS location data. In some embodiments the compass 1s
mechanically coupled to the mirror.

Element 430 of moving the mirror such that the predeter-
mined area 1s painted with a beam of sunlight from the sun can
include many other elements. In some embodiments, moving
the mirror includes moving the mirror with a stepper motor. In
some embodiments, moving the mirror includes moving the
mirror with a motor actuator. In some embodiments moving,
the mirror includes moving the mirror with two motor actua-
tors.

Described are embodiments of a pest deterrent apparatus
which uses one or more moving mirrors to paint one or more
beams of sunlight onto a predetermined area of interest in
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order to deter pests such as birds from landing or gathering 1n
the predetermined area of interest. Keeping the pests from
gathering in the predetermined area of interest keeps the birds
and other pests from damaging crops, buildings, land, or other
items 1n the predetermined area of interest. A GNSS device
and a compass are used to determine the position of the sun
with respect to the pest deterrent apparatus. An accelerometer
coupled to the mirror assembly 1s used to determine the ori-
entation of each mirror. The location and orientation of the
mirrors 1s used to determine the movement of the mirrors
required to paint the predetermined area of interest with the
one or more beams of sunlight. The mirrors can repeatedly
paint the predetermined area of interest with one or more
beams of sunlight so that pests are continuously deterred. An
updated position of the sun and an updated orientation of the
one or more mirror are used to adjust the movement of the
mirrors so that the predetermined area of interest continues to
be painted with the beam or beams of sunlight as the sun
moves across the sky. The pest deterrent apparatus can be
programmed to block the one or more beams of sunlight from
being painted onto a predetermined dark area, so that the
predetermined dark area can be protected from recerving
beams of sunlight. This allows a predetermined dark area that
may include people, amimals, buildings or other items that
should not recerve the beams of sunlight to be protected from
receiving the beams of sunlight. The perimeters of both the
predetermined area of interest and the predetermined dark
areas can be defined in terms of GNSS coordinates.

The embodiments and examples set forth herein were pre-
sented 1n order to best explain the present mvention and 1ts
practical application and to thereby enable those of ordinary
skill 1n the art to make and use the invention. However, those
of ordinary skill 1n the art will recognize that the foregoing
description and examples have been presented for the pur-
poses of 1llustration and example only. The description as set
torth 1s not mtended to be exhaustive or to limit the invention
to the precise form disclosed. Many modifications and varia-
tions are possible in light of the teachings above.

The mvention claimed 1s:

1. A pest deterrent apparatus comprising;:

a sun position calculator, wherein the sun position calcu-

lator outputs a sun position;
a mirror assembly, wherein the mirror assembly comprises
a mirror; and

a control signal generator electrically coupled to the mirror
assembly and the sun position calculator, wherein the
control signal generator causes the mirror to move such
that a beam of sunlight reflected off the mirror 1s painted
onto a predetermined area of 1nterest 1in response to the
sun position calculator outputting the sun position.

2. The pest deterrent apparatus of claim 1, wherein the pest
deterrent apparatus comprises a global navigation satellite
system (GNSS) device.

3. The pest deterrent apparatus of claim 2, wherein the sun
position calculator recetves a global navigation satellite sys-
tem (GNSS) location from the GNSS device.

4. The pest deterrent apparatus of claim 1, wherein the
mirror assembly comprises a compass.

5. The pest deterrent apparatus of claim 4, wherein the
compass provides a magnetic North signal to the control
signal generator.

6. The pest deterrent apparatus of claim 1, wherein the
mirror assembly comprises an accelerometer.

7. The pest deterrent apparatus of claim 6, wherein the
accelerometer provides an attitude signal to the control signal
generator.
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8. The pest deterrent apparatus of claim 1, wherein the sun
position calculator updates the sun position periodically, and
wherein the control signal generator adjusts the movement of
the mirror periodically such that the mirror paints the beam of
sunlight onto the predetermined area of interest as the sun
moves across the sky.

9. The pest deterrent apparatus of claim 1, wherein the
control signal generator moves the mirror such that the beam
of sunlight 1s prevented from hitting a predetermined dark
area.

10. A method of preventing birds from landing in a prede-
termined area comprising:

determining a global navigation satellite system (GNSS)

location of a bird deterrent apparatus, wherein the bird

deterrent apparatus comprises a mirror;

determining a position of the sun with respect to the bird

deterrent apparatus; and

moving the mirror such that a beam of sunlight reflects off

the mirror and 1s painted onto the predetermined area.

11. The method of claim 10, further comprising adjusting
the movement of the mirror in response to a change 1n the
position of the sun.

12. The method of claim 11, further comprising repeating
the step ol moving the mirror such that the predetermined area
continues to be painted with the beam of sunlight as the sun
moves across the sky.

13. The method of claim 10, further comprising preventing
the mirror from painting a predetermined dark area with the
beam of sunlight.

14. The method of claim 10, further comprising switching
from moving the first mirror to moving a second mirror 1n
response to a change in a position of the sun, wherein the
second mirror paints the predetermined area with the beam of
sunlight.

15. The method of claim 11, further comprising determin-
ing the attitude of the mirror with an accelerometer.

16. The method of claim 10, further comprising determin-
ing the GNSS coordinates of a perimeter of the predetermined
area.

17. A bird deterrent apparatus comprising:

a base unit comprising;

a sun position calculator, wherein the sun position cal-
culator outputs a sun position; and

a control signal generator; wherein the control signal
generator recerves the sun position from the sun posi-
tion calculator, and outputs an azimuth signal and an
clevation signal 1n response;

and

a mirror assembly rotatably coupled to the base unit,

wherein the mirror assembly comprises:

a mirror rotatably coupled to the mirror assembly;

a mirror motor mechanically coupled to the muirror,
wherein the mirror motor rotates the mirror with
respect to the mirror assembly; and

a mirror motion controller electrically coupled to the
mirror motor, wherein the mirror motion controller
controls the rotation of the mirror;

wherein the mirror motion controller instructs the motor to

move the mirror such that a beam of sunlight 1s reflected
oif of the mirror onto a predetermined area of interest, 1n
response to the mirror motion controller receiving the
azimuth signal and the elevation signal from the control
signal generator.

18. The bird deterrent apparatus of claim 17, wherein the
mirror assembly rotates the mirror about a first axis of rota-
tion.
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19. The bird deterrent apparatus of claim 18, wherein the
mirror motor rotates the mirror about a second axis of rota-
tion.

20. The bird deterrent apparatus of claim 19, wherein the
first axis of rotation 1s perpendicular to the second axis of 5
rotation.
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